The purposes of the present study were to examine the natural course of the impairment of endothelium-dependent relaxations during a regeneration and tissue repair process after balloon endothelium removal and to elucidate the cellular mechanism(s) underlying it. Twenty-three male Yorkshire pigs underwent balloon endothelium removal along the proximal portion of either the left anterior descending or circumflex coronary artery and were then maintained on a regular chow for 4, 8,16, or 24 weeks. Endothelium-dependent responses were examined in vitro in rings taken from the control and previously denuded arteries studied in parallel. Morphometric analysis revealed that intimal thickening developed only at the previously denuded area. In the previously denuded arteries with regenerated endothelium, the endothelium-dependent relaxations to UK 14304 (a selective Oj-adrenergic agonist), serotonin, and aggregating platelets were impaired 4 weeks after endothelium removal and remained so throughout the study. The endothelium-dependent relaxations to thrombin and adenosine diphosphate became depressed 8 weeks after endothelium removal and those to bradykinin became depressed 16 weeks after endothelium removal, while those to the calcium ionophore A23187 were maintained throughout the study. Endothelium-dependent relaxations to all vasoactive agents were unaltered in the control arteries. In the control arteries, pertussis toxin, an inhibitor of certain G proteins, markedly inhibited the endothelium-dependent relaxations to UK 14304 and serotonin and partially inhibited those to thrombin and aggregating platelets. The responses inhibited by the toxin in control arteries were significantly reduced in the previously denuded arteries with regenerated endothelium. The inhibitory effect of pertussis toxin was markedly reduced in those arteries with regenerated endothelium. In quiescent rings, the presence of normal endothelium inhibited the contractions caused by serotonin and aggregating platelets; this endothelium-dependent depression was markedly impaired in the previously denuded arteries throughout the study. Direct relaxation of the coronary smooth muscle to nitric oxide or sodium nitroprusside or direct contraction to KC1 or serotonin were comparable between the control and previously denuded arteries. These experiments indicate that endothelium-dependent relaxations progressively worsen after regeneration of the endothelium and that the dysfunction of a pertussis toxin-sensitive G protein partly account for the endothelial dysfunction in the chronic regenerated state. 
T he endothelium plays an important role in
modulating responses of the underlying vascular smooth muscle, including the release of endothelium-derived relaxing factor. 1 -3 A previous study demonstrated that in porcine coronary arteries, which have recovered from a previous balloon endothelium removal performed 4 weeks before the experiment, the regenerated endothelial cells exhibit impaired responses to serotonin and aggregating platelets. 4 Pertussis toxin, an inhibitor of certain G proteins, 5 -8 inhibits the relaxations to some (including serotonin) but not to all endotheliumdependent vasodilators, indicating that G proteinmediated signal transduction pathway may be involved in the production of endothelium-derived relaxing factor to some but not to all vasodilators. 9 The purposes of the present study were to examine whether the impaired endothelium-dependent relaxations observed 4 weeks after endothelium removal recover or worsen with time and to elucidate the cellular mechanism(s) underlying the endothelial dysfunction in the regenerated state.
Materials and Methods

Animal Preparations
Twenty-three male Yorkshire pigs, 8-9 weeks of age (23.6±0.5 kg), were used. They underwent balloon endothelium removal along the initial 4 cm of the proximal portion of either the left anterior descending coronary artery (LAD) or the left circumflex coronary artery (LCX). The methods have been reported in detail previously. 4 There are no differences in endothelium-dependent or -independent responses between the proximal LAD and LCX. 4 After endothelium removal, the pigs were housed individually in temperature-controlled animal quarters and were fed a regular chow (Hog Finisher, Bedtke Brothers Feed and Seed, Dover, Minnesota) before the in vitro experiments. To prevent excessive weight gain, the daily food intake was limited to an amount less than 3% of the body weight per day. 4 - 10 The animals were randomly assigned for the in vitro experiments at four different periods after the endothelium removal: 4 weeks (rc=6, four pigs were denuded for LAD and two for LCX), 8 weeks (« = 6, four for LAD and two for LCX), 16 weeks (/i=6, four for LAD and two for LCX), and 24 weeks (n=5, four for LAD and one for LCX).
Organ Chamber Experiments
The pigs were anesthetized with ketamine hydrochloride (300 mg i.m.; Bristol Laboratories, Syracuse, New York), followed by sodium pentobarbital (12.5 mg/kg i.v.; Fort Dodge Laboratories, Fort Dodge, Iowa). After autologous blood (300 ml) was collected from the left carotid artery for the platelet preparation, the pigs were exsanguinated. The hearts were removed, and both left coronary arteries (LAD and LCX) were dissected and immersed in cold, modified Krebs-Ringer bicarbonate solution of the following millimolar composition: NaCl 118.3, KC1 4.7, MgSO 4 1.2, KH 2 PO 4 1.2, CaCl 2 2.5, NaHCO 3 25.0, Ca-EDTA 0.016, and glucose 11.1 (control solution). Rings (3-4 mm long) were cleaned of loose connective tissue, with special care taken not to touch the luminal surface. In some rings, the endothelium was removed by rubbing the luminal surface gently with a cotton swab wetted with control solution. 4 A maximum of 10 rings were obtained from each coronary artery; they were numbered from proximal to distal portions and rings with the same number taken from the two arteries were studied in parallel.
The rings were suspended horizontally between two stirrups in organ chambers filled with 25 ml of control solution (37° C, pH 7.4) gassed with 95% O 2 -5% CO 2 . The preparations were attached to a strain gauge (UC2, Gould Statham, Oxnard, California), and isometric tension was recorded. The rings were then progressively stretched until the contractile response evoked by 20 mM KC1 was maximal. 4 They were allowed to equilibrate for 30 minutes before the experiments.
Protocol
After the equilibration, relaxations were examined during a contraction caused by prostaglandin F^ (2xlO~6 M) and contractions were examined in quiescent rings in the following orders:
Set A (relaxation): bradykinin, serotonin, and platelets.
Set B (relaxation): UK 14304, ADP, thrombin, and the calcium ionophore A23187.
Set C (contraction): serotonin and platelets. Set D: nitric oxide (relaxation), KC1 (contraction), and sodium nitroprusside (relaxation).
Preliminary and previous studies 4 confirmed that this order of administration of drugs does not cause any sensitization or desensitization of isolated porcine coronary arteries. When determining relaxations to serotonin and aggregating platelets (set A), the rings first were incubated with ketanserin (10~6 M), a 5-hydroxytryptamine (5-HT) 2 -serotonergic antagonist, for 40 minutes before inducing a contraction with prostaglandin F^ to inhibit the direct activating effects of the monoamine on vascular smooth muscle. 4 Endothelium-dependent relaxations to serotonin are mediated by 5-HT]-serotonergic receptors on the endothelium in porcine coronary arteries. 4 When determining contractions to serotonin and aggregating platelets in quiescent rings (set C), each response was followed by 60 mM KC1 to obtain the maximal contractions of vascular smooth muscle. When determining endothelium-dependent relaxations (sets A and B), all rings were treated with indomethacin (10~* M for 40 minutes) to prevent the formation of endogenous prostaglandins. 4 The inhibitory effects of pertussis toxin, on endotheliumdependent relaxations were examined in parallel on rings with endothelium from LAD and LCX.
Drugs
The following drugs were used: ADP, bovine thrombin, bradykinin, the calcium ionophore A23187, indomethacin, pertussis toxin, potassium chloride, prostaglandin F^ 5-HT creatinine sulfate (serotonin), sodium nitroprusside (all from Sigma Chemical, St. Louis, Missouri), ketanserin tartrate (Janssen Phannaceutica, Beerse, Belgium) and UK 14304 (Pfizer Central Research, Sandwich, Kent, UK). All drugs were prepared daily using distilled water, except for the calcium ionophore A23187 and indomethacin, which were dissolved in dimethylsulfoxide (1%) and Na 2 CO 3 (1CT 5 M), respectively. The concentration and incubation time of pertussis toxin (100 ng/ml for 60 minutes) were chosen because a previous study indicated that increasing the concentration to 300 ng/ml or the incubation time to 3 hours did not alter the inhibitory effects of pertussis toxin. 9 Pertussis toxin had no effects on basal tension in the present study, as reported previously. 9 
Nitric Oxide
Solutions of nitric oxide were made as reported previously. 11 Briefly, a gas bulb fitted with a silicon injection septa was filled with nitric oxide from a cylinder (Union Carbide, Chicago, Illinois). An appropriate volume (10-100 fiX) was removed with a syringe and injected into another gas bulb filled with 100 ml distilled water, which had been gassed with helium for approximately 3 hours, giving stock solutions of nitric oxide of 4xlO~5 and 4xl0" 6 M.
Morphology
The hearts were divided into five horizontal blocks and were examined macroscopically for the presence or absence of myocardial infarction.
The rings used in the organ chamber study were examined histologically by hematoxylin-eosin staining for determination of endothelial lining and general observation, by Sudan IV staining for examination of lipid deposition and by van Gieson's elastic staining for determination of the thickness of the intima and the media. Morphometric determination was performed with a computer-assisted image analyzer (IBAS 2000, Kontron Electronics, FRG) to evaluate cross-sectional area of the intima and the media.
Data Analysis
Results are expressed as mean±SEM. When determining relaxations in rings contracted with prostaglandin F^ responses are expressed as percent changes from the contracted levels. When determining contractions in quiescent rings, responses are expressed as percent of the maximal response to KC1 (60 mM). Unless otherwise specified, n refers to the number of animals. For relaxations, the negative logarithm of the effective molar concentration of agonist causing x% inhibition (IQ.) of the contractions to prostaglandin F^ was calculated for each concentration-response curve, and the mean of these values is presented. For contractions evoked by serotonin, the effective concentration producing 40% of the maximal response to 60 mM KC1 (ED«,) was calculated. The inhibition by pertussis toxin of endothelium-dependent relaxations was expressed as percent changes in the area delineated by cumulative concentration-response curves, and the mean of these values is presented.
Statistical evaluation of the data was performed by Student's t test for paired observations. When more than two means were compared, an analysis of variance was used. If a significant F value was found, Scheffe's test for multiple comparisons was used to identify differences among groups. Differences between values were considered to be statistically significant at/;<0.05.
Results
The body weight increased significantly with time; the final body weight averaged 33.7±1.3 kg in the 4-week group, 44.0±2.4 kg in the 8-week group, 59.2±1.7 kg in the 16-week group, and 76.0±2.9 kg in the 24-week group.
Morphology
No macroscopically visible region of myocardial infarction was present in any of the 23 hearts studied.
In all rings used for organ chamber experiments, the presence or absence of endothelium was confirmed histologically. 4 In the control, nondenuded arteries, no significant intimal thickening was noted throughout the follow-up period, while the medial cross-sectional area significantly and progressively increased with time ( Figure 1 ). In contrast, in the previously denuded artery, intimal cross-sectional area significantly increased at 4 weeks, further increased at 8 weeks, and remained so at 16 and 24 weeks ( Figure 1 ). While medial cross-sectional area also significantly increased with time in the previously denuded arteries, it was significantly larger at all follow-up periods compared with that in the control arteries (Figure 1 ). No lipid deposition was noted in the thickened intima or endothelial cells in the previously denuded artery.
Organ Chamber Experiments
Smooth muscle characteristics. There was no statistically significant difference in optimal basal tension or contractions evoked by prostaglandin F( 2xlO~6 M) between the control and previously denuded arteries at any experimental period (Table  1 ). In contrast, those indexes significantly increased at 24 weeks but in a similar manner in both arteries (Table 1) .
Nitric oxide (10~9-10~5 M) and sodium nitroprusside (10~9-10~6 M) caused comparable concentrationdependent relaxations in rings without endothelium from control and previously denuded arteries throughout the follow-up periods (Table 2) . Similarly, KC1 (5-60 mM) caused comparable, concentration-dependent contractions in rings without endothelium from control and previously denuded arteries throughout the follow-up period; the contractions were significantly larger at 24 weeks than at 4 weeks in both arteries (Table 2) . UK 14304 and serotonin. In control arteries, UK 14304 (KT 9 -1(T 5 M) caused comparable concentration-dependent, endothelium-dependent relaxations at the four different periods ( Figure 2 , Table  3 ). The relaxations were significantly reduced in the previously denuded artery throughout the study ( Figure 2 , Table 3 ). Likewise, serotonin (10~9-3xlO~5 M) caused comparable endotheliumdependent relaxations in control arteries at the four different periods ( Figure 3 , Table 3 ). These relaxations were significantly reduced in the previously denuded artery throughout the study period ( Figure  3 , Table 3 ).
In control arteries, pertussis toxin significantly inhibited the endothelium-dependent relaxations to both UK 14304 and serotonin (Figures 2 and 3 ). The inhibitions exerted by the toxin were significantly less in the previously denuded artery (Figures 2 and  3 ). When the inhibition by pertussis toxin is expressed in percent changes in the area delineated by concentration-response curves, the degree of the inhibition by the toxin in the control arteries is consistent for both UK 14304 (approximately 70%) and serotonin (approximately 60%) ( Figure 4) . The inhibition by the toxin was significantly less in the previously denuded arteries at 4 weeks, further reduced at 8 and 16 weeks, and slightly recovered at 24 weeks ( Figure 4) ; when percent changes in maximal relaxation were used as an index for the inhibitory effect of pertussis toxin, an identical pattern was found (data not shown).
Thrombin and aggregating platelets. Thrombin (0.001-1 IU/ml) caused comparable endotheliumdependent relaxations in the control arteries throughout the study ( Figure 5 , Table 3 ). In the previously denuded arteries, the thrombin-induced relaxations were significantly less at 8 weeks and remained so at 16 and 24 weeks ( Figure 5 , Table 3 ). Aggregating platelets (25,000-75,000//xl) caused comparable endothelium-dependent relaxations in the control arteries at the four different periods ( Figure 6 , Table  3 ). The platelet-induced relaxations were significantly less in the previously denuded arteries at 4 weeks, further reduced at 8 weeks, and remained at this depressed level at 16 and 24 weeks ( Figure 6 , Table 3 ).
The inhibitions by pertussis toxin of endotheliumdependent relaxations were consistent in the control arteries in response to thrombin (approximately 30%) and aggregating platelets (approximately 40%) ( Figure 7 ). In the previously denuded artery, these Data are expressed as mean±SEM. Numbers in parentheses are the numbers of rings tested in each experimental period. Since there was no difference in optimal basal tension between rings with and without endothelium, the combined data are reported in each experimental period. Developed tensions are reported for rings with endothelium. Control, control, nondenuded artery; denuded, previously denuded artery; PT, treated with pertussis toxin. *p<0.05 compared with 4 weeks. Control, control, nondenuded artery; denuded, previously denuded artery; ICJO, effective concentration causing 50% inhibition of the contractions to prostaglandin F^ (2xlO~6 M); maximal relaxation (%), maximal relaxation in percent on the contraction induced by prostaglandin F^ (2xlO~6 M); EDJO, effective concentration producing 50% of the maximal response to KG. Maximal contraction, maximal contraction to KC1. *p<0.05 compared with 4 weeks.
inhibitions by the toxin were significantly reduced at the four different periods ( Figure 7) . ADP, bradykinin, andA23187. ADP (lO^-lO" 4 M) caused comparable endothelium-dependent relaxations in the control arteries throughout the study (Figure 8 , Table 4 ). In the previously denuded arteries, the concentration-relaxation curve to ADP was shifted to the right significantly at 8 weeks without changes in maximal relaxations and remained shifted at 16 and 24 weeks ( Figure 8 , Table 4 ). The direct, endothelium-independent relaxations evoked by ADP' were comparable between the control and previously denuded arteries throughout the study period (data not shown). The endothelium-dependent relaxations in response to bradykinin (10"'°-10~7 M) were comparable between control and previously denuded arteries until 8 weeks after endothelium-removal ( Figure 9 , Table 4 ). At 16 and 24 weeks, the concentrationrelaxation curve to bradykinin was shifted slightly but significantly to the right ( Figure 9 , Table 4 ). The calcium ionophore A23187 (10" 9 -10" 6 M) Data are expressed as mean±SEM. All rings were treated with indomethacin (10 3 M). In the experiments with serotonin and platelets, the rings also were treated with ketanserin (10~6 M). Control, control artery with endothelium; denuded, previously denuded artery with endothelium.
•p<0.05 compared with control artery in the same period.
caused comparable endothelium-dependent relaxations in the control and previously denuded arteries throughout the study (Figure 10 ). The endothelium-dependent relaxations to ADP were minimally affected and those to bradykinin and the calcium ionophore A23187 were not significantly inhibited by pertussis toxin (Figures  8-10) .
Contractions. Throughout the study in control arteries, serotonin caused concentration-dependent contractions that were significantly depressed in rings with, compared with those without endothelium ( Figure 11 , Table 5 ). In the previously denuded arteries, however, the endothelium-dependent inhibition of the response to serotonin was no longer present ( Figure 11 , Table 5 ). At 4 and 8 weeks, the serotonin-induced contractions were slightly but significantly larger in the presence than in the absence of the endothelium in the previously denuded arteries (Figure 11 , Table 5 ).
Platelet-induced contractions were significantly inhibited by the presence of the endothelium in control arteries throughout the study (Figure 12 ). In the previously denuded arteries, the endotheliumdependent inhibition of the platelet-induced contractions was significantly reduced at 4 weeks, further reduced at 8 and 16 weeks, but slightly recovered at 24 weeks ( Figure 12 ). Weeks FIGURE 
Inhibition by pertussis toxin of the endothelium-dependent relaxations to UK 14304 (top) and to serotonin (bottom) in control and previously denuded arteries at 4, 8, 16, and 24 weeks after endothelium removal. The extents of the inhibition by the toxin are expressed as decrease in percent of the area delineated by the cumulative concentration-response curves to the agonists. *Statisticalty significant difference (p<0.05) compared with control artery in the same experimental period.
Discussion The present study demonstrates that the endothelium-dependent relaxations in porcine coronary arteries progressively worsen after regeneration of the endothelium but not in a systematic fashion. The relaxations to UK 14304, serotonin, and aggregating platelets were impaired at 4 weeks, thrombin and ADP at 8 weeks, and bradykinin at 16 weeks, while those to the calcium ionophore A23187 were maintained throughout the study period. Combined with the previous rinding that the newly formed endothelium (8 days after endothelium removal) seems to function normally, 4 the present results indicate that the endothelium-dependent relaxations are dramatically impaired during the first 4 to 16 weeks after balloon endothelium removal even when applied to normal coronary arteries. In contrast, in the control arteries, the endothelium-dependent relaxations were unaltered, indicating that the effect of maturation is minimal on endothelium-dependent relaxations during the time period investigated.
Inhibitory Effects of Pertussis Toxin
Pertussis toxin is capable of inhibiting the activity of several G proteins (G p , G,, and G O ).
"
8 G p couples receptors in an excitatory fashion to phospholipase C, G, couples receptors in an inhibitory fashion to adenylate cyclase, and the functional role of G o is unclear. Bradykinin and ADP activate the endothelium by stimulating phospholipase C.
12
- 13 The lack of inhibition of pertussis toxin against responses to those agonists suggests that, as occurs in other cell Platelets, x 10 3 / JJI FIGURE 
Cumulative concentration-response curves to aggregating platelets in rings with endothelium during contractions to prostaglandin F 2a (2xlO~6 M) at 4, 8, 16, and 24 weeks after endothelium removal. The relaxations are expressed as percent decrease in tension from the contraction evoked by prostaglandin F 2a . All rings were treated with indomethacin (10~s M) and ketanserin (10~6 M). Four rings from control and previously denuded arteries with and without pertussis toxin were studied in parallel at each experimental period
types, 14 pertussis toxin does not inactivate the endothelial G p protein. Similarly, an action of the toxin on G o protein is unlikely since G o protein does not appear to be present in endothelial cells. 15 Activation of a 2 -adrenergic receptors on endothelial cells has been shown previously to result in a reduction in cyclic AMP levels. 16 Thus, the present results are consistent with this observation, suggesting that a r adrenergic and 5-HTyserotonergic receptors are closely coupled to the pertussis toxinsensitive Gi protein. The partial inhibition by the toxin of the endothelium-dependent relaxations in response to thrombin may reflect a dual action to inhibit adenylate cyclase and to activate phospholipase C as has been reported for other cell types (e.g., platelets).
14 -17 The toxin does not inhibit the relaxations to nitric oxide, 9 which relaxes the vascular smooth muscle directly by activating guanylate cyclase and may be an endothelium-derived relaxing factor. 111819 Thus, pertussis toxin selectively inhibits the release of endothelium-derived relaxing factor to certain agonists without affecting the ability of the vascular smooth muscle to relax or the biological activity of the endothelium-derived relaxing factor. Since the inhibitions by pertussis toxin of the endothelium-dependent relaxations were consistent in the control arteries, the G protein activity appears to be stable in normal endothelium.
A recent study showed that in porcine coronary arteries both prostaglandin I 2 and forskolin (direct activator of adenylate cyclase) activate the endothelium and release endothelium-derived relaxing Adenosine dlphosphat*, -log M factor. 20 The endothelium-dependent relaxations to prostaglandin I 2 and forskolin were augmented by pretreatment with cholera toxin (an activator of G, protein) (authors' unpublished observation), suggesting that endothelial G, protein and adenylate cyclase also are involved in the production of endothelium-derived relaxing factor.
Possible Dysfunction of an Endothelial Pertussis Toxin-Sensitive G Protein
In the previously denuded arteries with regenerated endothelium, the endothelium-dependent relaxations to UK 14304 or serotonin were first impaired, followed by those to thrombin, whereas the responses to ADP, bradykinin, or the calcium ionophore A23187 were modestly or not affected. The inhibition by pertussis toxin corresponded to the extent of the impairment of the endotheliumdependent relaxations. Thus, the impairment observed during endothelial regrowth may reflect dysfunction of the endothelial pertussis toxinsensitive G protein, most likely G ( protein. Endogenous inactivation of the Gj protein has also been reported in other cell types (rat hepatocytcs) during cell growth and regeneration. 21 Pertussis toxin was still able to inhibit some responses in the chronic regenerated state, suggesting that G protein function may be partially retained in the regenerated endothelium. Although not significant, the tendency for the inhibition by pertussis toxin to recover at 24 weeks may suggest a partial return of endothelial G protein function in the more chronic regenerated state.
Pathogenesis of the Impaired Endothelium-Dependent Relaxations
The depressed endothelium-dependent relaxations in the chronic regenerated state could be due to a number of factors. First, the production of the endothelium-derived relaxing factor may be decreased. This possibility is most likely because as discussed above, endothelial function itself is impaired due to the dysfunction of a pertussis toxin-sensitive G protein. However, the relaxations to ADP and bradykinin, which may involve phospholipase C, 12 -13 also were impaired at later stages. These results suggest that additional mechanism(s) may be involved, including an impairment of other receptor-coupled systems, which would reduce receptor-mediated effects but not those mediated by calcium ionophore. Second, since the half-life of endothelium-derived relaxing factor is short, 1 -3 -22 the thickened intima may reduce the diffusion of the factor. This might be possible especially at later stages (8, 16 , and 24 weeks). However, the relaxations to the calcium ionophore A23187 were unaltered, and those to bradykinin were well preserved at 4 and 8 weeks despite the presence of intimal thickening. Thus, the possible role of the thickened intima as a "functional" (but not "distance") barrier remains to be examined. Third, the characteristics of the smooth muscle and, in particular, its sensitivity to endothelium-derived relaxing factor may be changed. This possibility is unlikely because in rings without endothelium the relaxations to nitric oxide actions. 4 -31 - 32 In porcine coronary arteries, the endothelium-dependent relaxations to aggregating platelets are achieved by activation of P 2y -purinergic and 5-HT,-serotonergic receptors on the endothelium, while the platelet-induced direct contractions of the smooth muscle are mediated by activation of 5-HT 2 -serotonergic receptors. 4 For endothelium-dependent relaxations, the relative sensitivity and insensitivity of those evoked by serotonin and ADP to pertussis toxin, respectively, account for the partial sensitivity of the platelet-induced relaxations to the toxin. The natural course of the impairment of the platelet-induced relaxations can be explained by the combined effects on the relaxations evoked by serotonin and ADP. For contractions, those of the vascular smooth muscle were Data are expressed as mean±SEM. EDx, effective concentration causing 30% inhibition of the contractions to prostaglandin F Ja (2xlO" 6 M); maximal contraction (%), maximal contraction in percent of the contraction to KC1; control, control, nondenuded artery; denuded, previously denuded artery; with, with cndothelium; without, without endothelium.
*p<0.05 compared with rings without endothellum from the same artery in the same period. tp<0.05 compared with rings with endothelium from the control artery in the same period.
comparable in response to both serotonin and aggregating platelets between the control and previously denuded arteries. Thus, the combined effects of the impaired endothelium-dependent relaxations to serotonin and the endothelium-dependent augmentation of the serotonin-induced contractions can partly explain the natural course of the impairment of the inhibitory effects of the endothelium against plateletinduced contractions. A dysfunction of the pertussis toxin-sensitive G protein could partly explain the endothelial dysfunction in the chronic regenerated state. Alterations in G protein function can occur under physiological conditions, following endogenous ADP-ribosylation of the protein (analogous to the action of pertussis toxin). 21 It may also occur during pathological states as Gi protein function is reported to be impaired in diabetes. 44 Thus, G protein dysfunction may be important in the pathogenesis of vasospasm associated with endothelial damage and repair. Hence, the present findings may help to explain the pathogenesis of the late occurrence of coronary vasospasm and restenosis after successful percutaneous transluminal angioplasty.-
